Iowa's CHLOE Profilometer Correlation Procedure, MLR-87-10, 1987 by unknown
I 
I 
I 
I IOWA'S 
I CHLOE PROFILOMETE:R 
I CORRELATION PROCED'1URE 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
To Be Presented At The 
Pavement Profile Measurement Seminar 
And 
FHWA Demonstration Project No. ·72 
Open House 
Fort Collins, Colorado 
October 5-8, 1987 
Highway Division 
-----~· Iowa Department 
----- ~'l of Transportation 
I 
I 
I 
t 
I 
I· 
I 
I 
I 
.. I 
I 
I 
I 
I 
.I' 
I 
I 
I 
I 
-----
Iowa's CHLOE Profilometer 
Correlation Procedure 
by 
Charles J. Potter, P.E. 
Special Investigations Engineer 
Iowa Department of Transportation 
Office of Materials 
(515)239-1232 
To Be Presented at the Pavement 
Profile Measurement Seminar 
And 
FHWA Demonstration Project No. 72 
Open House 
Fort Collins, Colorado 
October 5-8, 1987 
I 
I 
I 
,, 
I' 
I 
'I 
.,I 
I 
I 
··I 
I 
I 
DISCLAIMER 
The opinions, findings, and conclusions 
expressed in this publication are those 
of the author and not necessarily those 
of the Highway Division of the Iowa De-
partment of Transportation. 
_J 
I.-
I 
I 
I 
.::a 
1· 
,I 
.I 
,, 
., 
I 
,, 
I 
Table of Contents 
Page 
Abstract............................................. 1 
Introduction and Background Information.............. 2 
CHLOE Profilometer Correlation Procedure............. 3 
IJK Ride Indicator Test Procedure.................... 7 
PSI Performance Trends............................... 7 
Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 9 
References . ......................................... ·. 10 
Appendix A 
Table 1 - Summary of CHLOE Profilometer Values ... 12 
on Calibration Sections 
Table 2 - 1979 Weekly Roadmeter Checks .••........ 13 
Figures 1-4 - CHLOE Versus Roadmeter Correlation. 14 
Plots, 1985-1987 
Figures 5-8 - PSI Versus Year Tested ............. 18 
PSITREND Plots 
Appendix B 
Iowa Test Method No. 1002-B, March 1976 .......... 22 
Iowa Test Method No. 1003-A, February 1971 ••.••.• 31 
Iowa Test Method No. 1004-C, December 1981 ....... 38 
I 
I 
,, 
I 
'I 
I 
I 
I 
,, 
I, 
I 
I 
,,, 
I 
,I' 
I 
I 
I 
I 
PAGE 1 
ABSTRACT 
The Iowa DOT has been correlating its roadmeters to the CHLOE 
Profilometer since 1968. The same test method for the Present Ser-
viceability Index (PSI) deduction from the pavement condition 
(crack and patch) survey has also been used since 1968. Resulting 
PSI measurements on the Interstate and Primary Highway Systems have 
had good continuity through the years due to these test procedures. 
A computer program called PSITREND has been developed to plot PSI 
versus year tested for every rural pavement section in the State of 
Iowa. PSITREND provides pavement performance trends which are very 
useful for prediction of rehabilitation needs and for evaluation of 
new designs or rehabilitation techniques. The PSITREND data base 
should be maintained through future years to expand on nineteen 
years of historical PSI test information already collected. 
Iowa's CHLOE Profilometer 
Correlation Procedure 
INTRODUCTION AND BACKGROUND INFORMATION 
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The Iowa Department of Transportation has been performing a Present 
Serviceability Index (PSI) inventory of its Interstate and Primary 
Highway Systems since 1968. The.Portland Cement Association (PCA) 
Roadmeter was used to measure rideability from 1968 to .1973, and 
the Iowa-Johannsen-Kirk (IJK) Ride Indicator was used to determine 
smoothness from 1974 to present. Both the PCA Roadmeter and the 
IJK Ride Indicator are commonly referred to as roadmeters in Iowa. 
Since 1968, both the PCA Roadmeters and IJK Ride Indicators have 
been annually correlated to the CHLOE Profilometer in early June on 
thirty to fifty one-half-mile test sections. The CHLOE 
Profilometer ties Iowa's PSI measurements to equations developed at 
the AASHO Road Test at Ottawa, Illinois, in the late 1950's. The 
CHLOE Prof ilometer also yields reproducible values from year to 
year and provides a good calibration standard for the less time 
stable IJK Ride Indicators. (1) 
One third of the state was tested annually with either the PCA 
Roadmeter or the IJK Ride Indicator from 1968 to 1984. This 
produced a three-year test cycle w~ich was changed to a two-year 
test cycle in 1985. Testing one half of the state annually gener-
ates up-to-date test information and provides more data points for 
PSI performance trends. 
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The crack and patch survey for the PSI deduction is performed by 
District Materials technicians during the winter months on the en-
tire Interstate and Primary Highway Systems. This has been done 
every third winter from 1968 through 1983, and every other winter 
from 1985 to present. The crack and patch survey is conducted in a 
similar manner as was developed at the AASHO Road Test (see Iowa 
Test Method No. 1004-D in Appendix B). Supplemental measurements 
to the PSI deduction, such as D-crack Occurrence Factor (DOF), were 
added to the crack and patch survey in 1981 for pavement management 
purposes. The same test method for the PSI deduction has been 
used, however, from 1968 to present. 
Since the CHLOE Profilometer has been used to calibrate roadmeters 
in Iowa since 1968, and since the crack and patch survey for the 
PSI deduction has been performed by the same test method since 
1968, it is possible to use a computer program called PSITREND to 
plot PSI performance trends for every rural pavement section in the 
State of Iowa. Present Serviceability Index versus year tested is 
plotted by PSITREND, but 18 Kip Equivalent Single Axle Load infor-
mation is available and can be plotted against PSI by the computer 
in the future. 
CHLOE PROFILOMETER CORRELATION PROCEDURE 
At the AASHO Road Test, a testing device called the AASHO 
Profilometer was developed to measure the variation in the longi-
tudinal profile. (2) This unit was too expensive for general use by 
state highway agencies so a simpler, less expensive device called 
PAGE 4 
the CHLOE Profilometer was developed. (3) The CHLOE Profilometer is 
named after the engineers who designed it: Carey, Huckins, Leath-
ers and other engineers. The Iowa State Highway Commission pur-
chas~d its CHLOE Profilometer in 1964. 
The CHLOE principle of operation is based on slope variance of the 
surf ace profile as measured by two 8-inch wheels spaced 9 inches 
apart and under 150 lbs. of pressure. A roller contact on the up-
right arm fastened at the pivot point between the wheels measures 
arm movement at six-inch intervals and hence slope variance through 
29 electrical contacts. CHLOE test data is reliable but since the 
maximum operating speed is 5 mph, it is a better calibration device 
than an inventory tool. The CHLOE Profilometer is also prone to 
both mechanical and electrical breakdowns, especially now since it 
is 23 years old. The test procedure for operating the CHLOE 
Profilometer is described in Iowa Test Method No. 1003-A in Appen-
dix B. 
About fifty carefully selected one-half-mile test sections of 
portland cement concrete pavement were originally selected for the 
CHLOE correlation with the PCA Roadmeter. The one-half-mile test 
section length is short enough for the slow CHLOE Profilometer at 3 
mph but also long enough for the PCA Roadmeter and IJK Ride Indica-
tor at 50 mph. Both wheeltracks are tested with the CHLOE 
Profilometer and values averaged for correlation purposes. Since 
both wheeltracks influence roadmeter readings, this technique im-
proves the correlation coefficient. Portland cement concrete pave-
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ments with as little deterioration as possible are selected as test 
sections since only the profile portion of the Pre~ent Serviceabil-
ity Index is used. Portland cement concrete pavements are less 
variable from year to year than asphaltic concrete pavements which 
may also have open surface textures. Table 1 in Appendix A illus-
trates how a historical record of CHLOE slope variance values on 
test sections can be used to monitor proper operation of the CHLOE 
Profilometer itself. Test sections have a Present Serviceability 
Index range of 2.6 to 4.8. Lower PSI values can be found, but 
these roadways usually have badly broken-up faulted portlarid cement 
concrete pavement which is highly variable from year to year. 
A computer program which uses a method of least squares parabolic 
fi~ correlates test data. This method allows a curve if it obtains 
r 
a better correlation coefficient than a straight-line equation. 
Original test sections used in 1985 resulted in a straight-lin~ 
fit, clusters of points, and few very rough test sections. Fif~y 
l 
test sections in four different counties were used requiring two 
I 
weeks of work for the CHLOE correlation procedure (see Figure li in 
! 
Appendix A) . Thirty-two test sections in two counties close to 
Ames, Iowa, were selected in 1986 which had a better distribution 
of roughness. Only one week of work was required in 1986 to com-
plete the CHLOE correlation analysis (see Figure 2 in Appendix A). 
Unfortunately, many of the rough CHLOE test sections are repaired 
by county engineers annually. This occurred in 1987 reducing the 
number of test sections to twenty (see Figure 3 in Appendix A). In 
addition~ the CHLOE Profilometer malfunctioned in 1987 further re-
PAGE 6 
ing the number of test sections to eighteen. More test sections 
11 be located and added in 1988. The CHLOE Profilometer has been 
repaired. 
Please note that the same IJK Ride Indicator (vehicle and IJK mech-
anism) had maximum counts (sum/length) of 2000, 3000 and 6000 in 
1985, 1986 and 1987, respectively. This illustrates the benefit of 
correlating IJK Ride Indicators to the CHLOE Profilometer on an an-
nual basis. Large changes in IJK mechanism behavior due to winter 
overhaul, maintenance, wear, etc., can be handled by the CHLOE cor-
relation procedure to yield the correct PSI. Two IJK Ride Indica-
tors can also be used simultaneously to test one-half of the state 
annually as was done in 1986 and 1987. Both units give comparable 
PSI measurements due to the CHLOE correlation procedure (see Figure 
4 in Appendix A) . 
I 
Computer-generated charts are produced by the CHLOE correlation 
i 
i 
procedure for use by IJK Ride Indicator operators (see Iowa Test 
Method 1002-B in Appendix B) . The charts are adjusted by adding 
sets of zeroes (0, 0) to the CHLOE correlation procedure so that 
the portland cement concrete sum/length value aligns as closely as 
possible with a Longitudinal Profile Value (LPV) of 5.00. The num-
ber of sets of zeroes is noted on each CHLOE correlation plot (see 
Figures 1-4 in Appendix A) . 
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IJK RIDE INDICATOR TEST PROCEDURE 
The IJK Ride Indicator Test Procedure is well-described in Iowa 
Test Method No. 1002-B in Appendix B. Weekly checks on up to eight 
CHLOE test sections of various roughness close to Ames, Iowa, are 
used to ensure that the IJK Ride Indicator is providing results 
consistent to those obtained during calibration. Weekly checks 
should be within 10% of CHLOE correlation values (see Table 2 in 
Appendix A). For most minor repairs, the IJK Ride Indicator can be 
adjusted to weekly check test sections and the same charts used 
without recorrelating to the CHLOE Profilometer. In addition, the 
I 
PSI values for each county are compared to previous PSI rEbsults to 
check for reasonableness. At least 70% of the PSI valueslshould be 
the same or less than the previous PSI determination. If not, the 
IJK Ride Indicator should be recalibrated and the county retested 
if necessary. PSI performance trends were also used for the first 
time in 1987 to check PSI values for reasonableness (see Figures 
5-8 in Appendix A) . Since IJK Ride Indicators are mechanical and 
rely on friction between the brush contact and contact board for 
dampening, they are subject to wear. IJK Ride Indicators are not 
very time stable. Therefore, weekly checks and comparisons with 
previous PSI values (and trends) are necessary to verify quality 
test information. 
PSI PERFORMANCE TRENDS 
PSITREND is a computer program that plots PSI versus year tested. 
In 1985, all PSI values (including new construction PSI values 
where available) were coded into the PSITREND data base. Checking 
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and correcting of all PSITREND data points was completed in Septem-
ber 1987 for the entire Interstate and Primary Highway Systems. 
Examples of PSITREND plots are shown in Figures 5-8 of Appendix A. 
Construction histories are as follows: 
Figure 5 - I-35 PC NB MP 155.21 to MP 161.05 Franklin Co. 
From Wright Co. line north 
1975 8" CRC, 4" CTB, Alden Class III Agg. 
Figure 6 - IA 223 AC MP 7.30 to MP 12.24 Jasper Co. 
From Baxter to IA 14 
1956 2" BAC, 6" RSB, 6" SAS 
1971 1" BAC, 2" TBB 
Figure 7 - I-29 PC SB MP 112.23 to MP 119.59 Monona Co. 
From Onawa north 
1961 10" PC, 4" GSB, Gilmore City Class III Agg. 
Figure 8 - US 59 AC MP 160.48 to MP 170.03 Cherokee Co. 
From Cherokee north to O'Brien Co. Line 
1937 7.5" PC, Larrabee Class II Agg. 
1974 3" AC 
PSITREND has a horizontal warning line at PSI equals 2.70. This 
warning line was derived by subtracting the pavement management 
critical crack and patch PSI deduction (0.50) from the critical 
longitudinal profile value (3.20). Pavements may need rehabili-
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PAGE 9 
tation above or below this line depending on level of service, type 
of pavement, class of aggregate, etc. 
PSI values have been obtained on all new construction since 1980 
for pavement management purposes. All new pavement designs, reha-
bilitation techniques, etc., are automatically tracked by PSITREND 
to determine performance. Since PSITREND plots have just recently 
become available, Iowa DOT engineers have a large amount of objec-
tive data to evaluate. Pavement performance over the past nineteen 
years gives a good indication of future performance. Top manage-
ment at the Iowa DOT can use this information to support planning 
and design decisions. 
CONCLUSIONS 
PSITREND plots indicate that the CHLOE correlation procedure has 
worked very well from 1968 to present. Since nineteen years of PSI 
test data has already been collected, every effort should be made 
to maintain the PSITREND data base in future years. 
PAGE 10 
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APPENDIX A 
-Sec. CHLOE SLOPE VARIANCE 
1968 1969 1970 
1 - - -
2 - - -
3 - - -
4 - - -
5 7. 36 8.87 7. 72 
6 - 34.48• 38.42. 
. 7 
- - -
8 - - -
9 - •. 26.80 26. 56. 
10 9.03 9.25 9.42. 
11 9. 0.4'. 9.35 9.02 
12 8.33 9·. l T 8.04; 
13 6.9J 8.30 7.95 
14 8.73 8.41 8.38 
15 9.84 10.23 9.86 
16 l 0. 74 lo. 77 -
17 - - 8.35 
18 - - 7 .16 
19 - Dirt -
TABLE 1 
SUMMARY 01 CHLOE 
PROFILOMETER VALUES ON CALIBRATION SECTIONS 
1971 l972 1973 1974 1975 1976 1977 
5.46 6.92 4.30 4.96 6.38 5. 7.5 6.67 
5.42 6.78 4.57 5.55 4. 18 4. 21 6.41 
- - - - - - -
- -· - - - - -
8.6J 9.84 8.40 T0.44 11. 55 l 0. 35 12.60 
34.19 37.23 35.08 36.78 37.34 36. 01 : 38.64 
- - - - - -
-
- - -- - - - -
I. 
26. Off 27. 75: 28.49 31 . 16 '30.87 31. 01 . 32.46 
9.64 9.98 7.80 10.38 l 0. 13 8.94 ll.61 
T0.44 9. ll 8.38 9.39 8.57 9.42 ' 8.82 
9.26 8. 91 8. 21 7 .89 8. 21 7.55 7.24 
8.17 7.94 7.25 9. 18 8.29 6. 91 8.90 
8.85 8.64 7.64 9.85 8.20 7.56 8.06 
·-·- ----·-
9.78 10.12 9.03 9.95 - - -
-
l 0. 40 9.99 9.03 8.84 - - -
8.99 8.98 7.88 9.87 - - -
8.54 8 .. 19 6.03 8.87 - - -
----
6.37 9.95 5.87 6. 71 7.55 - -
1978 1979 1980 l 98l 1982 
5.06 4.48 6.33 7.34 I 6.20 
-
5 .. 25 I 4.78 6 .40· I 5.30 5.83 
- I - - I - -
- - - - -
I 
13. 40 - - - ~~1~ 42 .10 43.63 45 . .58 43.93-
I 
- - - - I - --
I 
I 
-· - - -~ -·· 
37 .18 - - - -
ll.28 - - - -
--
10.44 9. 51 10.07 lO. 29 l 0. 74' 
7 .60· 9.04 9·.48 9,44-, 10. 96 
8.34 8.82 9. T3 9.85· l0.63 
8. 53 9.23 9.09 8.23 9.09 
- - - - -
-;;. 
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FIGURE 1 
1985 FORD ROADMETER CORRELATION 
09/05/1985 NO ZEROES ADDED 
CHLOE • 3.593905 + 0.0121709*RM 
c.c. - 0.9745 
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FIGURE 2 
1986 FORD ROADMETER CORRELATION 
1000 
06/09/1986 SIX ZEROES ADDED 
CHLOE • 3.994229 + 0.0098383*RM 
c.c. - 0.9409 
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FIGURE 3 
1987 FORD ROADMETER CORRELATION 
07/08/1987 ONE ZERO ADDED 
CHLOE • 4.563224 + 0.0046613*AM 
c.c. - 0.9427 
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FIGURE 4 
1987 GMC ROADMETER CORRELATION 
e e 
07/07/87 NO ZEROES ADDED 
CHLOE• 3.759048 + 0.0100052*RM. 
c.c. - 0.9540· 
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FIGURE 5 
PRESENT SERVICEABILITY INDEX VS YEAR TESTED 
ON I- 035 PC NB 
FROM MILE POST 155.21 TO MILE POST 161.05 
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FIGURE 6 
PRESENT SERVICEABILITY INDEX VS YEAR TESTED 
ON IA 223 AC 
FROM MILE POST 7.30 TO MILE POST 12.24 
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FIGURE 7 
PRESENT SERVICEABILITY INDEX VS YEAR TESTED 
ON I- 029 PC SB 
FROM MILE POST 112.23 TO MILE POST 119.59 
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FIGURE 8 
PRESENT SERVICEABILITY INDEX VS YEAR TESTED 
ON US 059 AC 
FROM MILE POST 160.48 TO MILE POST 170.03 
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APPENDIX B 
Iowa Test Method No. 1002-B, March 1976 
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Test Method No. Iowa 1002-B 
March 1976 
IOWA DEPARTMENT OF TRANSPORTATION 
HIGHWAY DIVISION 
Off ice of Materials 
METHOD OF DETERMINATION OF LONGITUDINAL 
PROFILE VALUE USING THE IJK RIDE INDICATOR 
Scope 
This testing method is used to determine 
the Longitudinal Profile value (LPV) 
using the IJK Ride Indicator. The Longi-
tudinal Profile Value is used to deter-
mine the Present Serviceability Index 
(P.S.I.), a concept developed by the 
American Association of State Highway 
Officials (AASHO) Road Test. It (P.S.I.) 
is used as an indicator of the ability of 
a pavement to serve the traveling public 
and as an objective method of highway 
evaluation. 
The IJK (Iowa-Johannsen-Kirk) Ride Indi-
cator was developed by the Iowa Department 
of Transportation Materials Laboratory. 
Procedure 
-----··--··- ···- -
A. Apparatus 
B. 
1. IJK Ride Indicator (An electro-
mechanical device mounted on the 
differential of a standard auto-
mobile) (Fig. 1 to 4). 
2. Tire pressure gauge. 
3. Portable calculator. 
Test Record Forms and Section Iden-
tification 
1. Longitudinal Profile value Work-
sheet (Form 921). 
2. Final Report (Forms 915 or 922). 
~ 
J. "Test Sections by Milepost" booklet. 
4. correlation Table (Longitudinal 
Profile Value VS. Sum/Length for 
testing unit). 
c. Personnel 
1. Two personnel are required. One is 
assigned to drive while the other 
operates the counters and makes calcu-
lations. 
D. correlation 
1. The Longitudinal Profile value is de-
rived from equations of the AASHO Road 
Test using a correlation between the 
CHLOE Prof ilometer and the IJK Ride 
Indicator. The CHLOE is used as a cor-
relation standard because it is not 
affected by possible changes in suspen-
sion but primarily is dependent only on 
proper electrical operation. The rela-
tionship between the CHLOE and the IJK 
Ride Indicator is determined through a 
computer program by the least square 
parabolic method (Y=cx2+MX+B). 
B. Test Procedure 
1. Drive the test vehicle at least 10 miles 
before beginning testing. 
2. Operate the vehicle in a careful, legal, 
conscientious manner. 
3. Be sure the IJK unit is accuratelv zeroed 
before mounting on the vehicle. -
4. Be sure the dampening fluid level is cor-
rect. This should be checked weekly 
during continuous operation. 
5. During continuous testing, the unit should 
be tested on eight conveniently close cor-
relation sections weekly to verify proper 
operation. 
6. When ready to begin testing, disengage 
the IJK arm lock. 
7. Start the test vehicle far enough from 
the beginning of the test section to 
insure adequate distance for acceleration 
to the standard test speed of 50 MPH. 
Turn the main switch to the "ON" position 
as the rear wheels pass the start of the 
test section. It is turned off in the same 
position at the end of the section. 
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8. Turn the main switch off 
sing railroad tracks and 
(including approaches). 
and roughness counts are 
omitted. 
while cros-
br idges 
This length 
electrically 
9. There is a rotary switch to change 
from one bank of recording counters 
to the other so testing can be con-
tinuous. 
10. Record the counter values and calcu-
late the Sum/L. 
11. If there is some reason to indicate 
possible erroneous data a repeat 
run should be made. valid runs are 
expected to check within 10% of each 
other. 
12. using the sum/L, obtain the proper 
Longitudinal Profile Value from the 
table to the closest 0.05 (3.95, 
4 .15 etc.). 
F. Precautions 
1. Maintain the tire pressure at 25 
psi cold, 28 psi, warm. If any 
tire alignment or balancing prob-
lems are noted, have them corrected. 
2. Be sure to enga.ge the IJK arm lock 
when not testing. 
~. Keep the vehicle in a neat orderly 
condition. 
tl. Have the automobile serviced at the 
proper interval. 
G. Calculations for Longitudinal Profile 
value 
1. Enter the necessary descriptive data 
in the heading portion of the LPV 
worksheet. The method of calculation 
is as follows: the summation of counts 
from counter no. 1 x 1, counter no. 2 
x 2, counter no. 3 x 3, etc. These 
products are totaled and divided by the 
tested length (in miles) to obtain the 
Surn/L. This sum/length is then used 
to find the Longitudinal Profile value 
from the correlation table. 
H. Reporting Results 
1. The final report for all testing uses 
the same data that was necessary for 
the worksheet. Form 915 is used for 
county inventory testing and Form 922 
is used for testing individual pro-
jects. A deduction for cracking, 
patching and rut depth is used (from 
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the most recent survey) to yield a 
Present serviceability Index. 
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Fig. 1 
The IJK Ride Indicator Vehicle 
Fig. 2 
Test Method No. Iowa 1002-B 
March 1976 
The IJK Ride Indicator control console, showing 
Visual Indicators, Switches and Electrical coun-
ters on the floor of the automobile. 
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Fig. 3 
The IJK Ride Indicator Sensing Unit 
Fig . 4 
Test Method No. Iowa 1002-B 
March 1976 
The IJK Ride Indicator Sensing unit with cover as 
Mounted on the Rear Differential Housing of the 
Vehicle 
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Deduct 
Length-·---------------- =' 1 
-· ---2 
3 
'4 
5 
6 
7 
8 
9 
10 
sum 
Sum/L 
RHRV 
Notcs---------------------·---·-·----------------1 
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l ' Test Method No. rowa.1002-B 
.I March 1976 Road Meter Page 7 IOv!A DEPARTH:NT OP TIU1.NSPORTATION County 
HIGIMAY DIVISION J •. Mccaskey 
:I OFPICF'. OF MATERIALS V.R. Snyder (2) 
1976 Serviceability Index Summary for Jones 53 ) Present Cou'1ty ( 
I Date Reperted 3-16-76 Lab. No. LV 6-44 to 57 
1 ·La.b. Peg inning Ending P.oad Length Surface Dir. Long~tudinalwinter 75-76 Present & Profile 
No. Milepost Milepost No. (Miles) •rype Value of Ded. for Service-Lane Cracking ability LV- March I. 1976 Patching Index 
44 20. 77 22.24 us 151 1.47 AC EB 3. 70 . .as 3.65 
I· 45 WB 3.70 .05 3.65 22.24 27.34 us 151 5.10 AC EB 3.65 .10 3.55 
WB 3.65 .10 3.55 
146 
27.34 37.61 us 151 (5. 58) AC EB 3.55 .05 3.50 
WB 3.60 .05 3.55 
( 4. 26) PC EB 3.30 .15 3 .15 
WB 3.50 .15 3.35 
147 38.69 48.07 us 151 (6.68) AC EB 3.55 .05 3.50 WB 3.55 .05 3.50 
(2. 52) PC EB 3.35 .10 3.25 
148 
WB 3.25 .10 . 3 .15 
0.00 21.22 IA 64 (14 .4 7) AC EB 3.15 .00 3.15 
WB 3.20 .oo 3.20 
(5 .16) PC EB 3,25 .70 2 :ss 
I WB 3.25 .70 2.55 49 115. 78 119.25 IA 1 3.47 AC NB 3.05 .35 2.70 
SB 3.10 .35 2.75 
I 50 39.10 42.44 IA 38 3.34 AC NB 4.00 .oo 4.00 SB 3.95 .oo 3.95 51 43.45 47.81 IA 38 4.36 AC NB 3.55 .10 3 .45 
SB 3.50 .10 3,40 
I 52 50 .01 53.39 IA 38 3.38 AC NB 3.55 .oo 3.55 SB 3.55 .oo 3.55 
53 53.39 63.50 IA 38 10.11 AC NB 4.00 .oo 4.00 
I SB 4.00 .oo 4.00 54 65.11 68.41 IA 38 3.30 PC NB 4.os .oo 4.05 SB 4.05 .oo 4.05 
55 43.16 53 .42 IA 136 10.26 AC NB 3.85 .oo 3.85 
I SB 3.85 .oo 3.85 56 54. 79 58.39 IA 136 3.60 AC NB 3.75 .05 3.70 
SB 3.80 .os 3.75 
I 57 58.39 72.04 IA 136 13.65 AC NB 3.90 .oo 3.90 SB 3.95 .• oo 3.95 
I 
I I 
I 
Deductions for cracking and patching were calculated on a 2 lane roadway basis. 
I (Length) indicates tested length on an AC/PC section. 
\ 
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IOWA DEPARTMENT OF TRANSPORTATJON 
HIGHWAY DIVISION 
OFFICE OF MATERIALS 
LPV REPOR'I' 
I-35 Story Lab fq9.n1G>, i .v- 9-522 
Yci:lr !.t.: i ; t 1965 fl.Ill· i\'•;'._,•,: 7-29-69 
Hallett Construction Co~-- Prujr.,.:I: tic. :-r~_:-35_:~~2/~~~-----·-
Project L~ngth (Mil~~) 10.03 S1irfaee..'T""'° PC 1r"" ----------- ·- ___ _ 
Lo cat .i('l~ From Polk County line north to Junction New US 30 
--------------···· ----------------
---·-·-···-·-·--· ·-· -·-·····---
---- -- ···-----·--- --··----------------------· 
_,, ______ . -~- ··------- ------· ·- ···- --·· -- -------·-------·-·------·- --=-- --- . 
Outside 
N Bcun.d Lane s 
Length Tested ----------------------------- 9.97 
Longitudinal Profile Value ---------------- 4.05 
Average Longitudinal Profile Value ---------------~---------
Deducation for Cracking, Patching and Rut Depth ------------
Present Serviceability Index ------------------:-'-------------
Outside 
Bound Lane 
10.02 
4.00 
4.05 
0.05. 
4.00 
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row.~ STATE HIGHWAY COMMISSION 
Materials Department 
METHOD OF DETERMINATION OF LONGITUDINAL 
PROFILE VALUE BY MEANS OF THE CHLOE PROFILOMETER 
This method is used to determine the 
Longitudinal Profile Value (LPV) of pave-
ment by the CHLOE Profilometer. The test 
is conducted at 5 mph, while obtaining the 
su~mation of a value Y(i) which can be re-
lated to the slope of the pavement and 
that of the square of Y(i\, where i = 1,2,3 
· · ·N, and N is the total number of points 
at 6-inc~ intervals. The values of N, Yi, 
and Yi , are used to determine the CHLOE 
Slope Variance (CSV), Road Test System Slope 
Variance (SV), and the Longitudinal Profile 
Value (LPV). 
Procedure 
A. Apparatus 
B. 
c. 
1. CHLOE Profilometer 
2. 
3. 
1. 
a. Electronic Computer Indicator 
(Fig. 1). 
b. CHLOE trailer section (Fig. 2). 
Towing and transporting vehicle. 
Safety support vehicles as needed 
to insure safe operation. 
Test Record Form 
Use work sheet "LPV for PC or AC 
Pavement" for recording field 
measurements. 
General Procedure 
Calibration Procedure 
a. Attach the CHLOE trailer section 
to the towing vehicle. 
b. The roller contact, switch plate, 
and electronic computer indicator 
should be checked before beginning 
the road test. Anytime the data 
appears to be in error a check 
should be made and if an error 
is verified the malfunction 
should be corrected. The pro-
cedure for checking is as follows: 
First turn the electric eye 
switch at the rear of the trailer 
section from the road test to the 
manual position, then with the 
c. 
slope wheels up, the upright 
arm of the slope wheels is move_d 
forward until the roller contact 
goes off the switch plate. While 
turning the calibrating crank, 
slowly move the upright arm to 
the rear until the roller contact 
impinges on the first switch 
segment. Hold this position and 
set the electronic computer in-
dicator to zero, then turn the 
calibrating crank slowly until 
N = 10. Check to see if the 
quantities indicated (Z:: Y,~Y2) 
are correct. (Table I gives 
the values that should be obtained 
for each segment). If correct, 
reset the electronic computer 
indicator to zero, move the up-
right arm rearward until the 
number two switch segment is con-
tacted and follow the same pro-
cedure used for the first switch 
segment. Continue this procedure 
until all 29 switch segments have 
been checked. 
Check to see if the pressure in 
the CHLOE trailer tires is 45 + 
0.5 psi. -
d. The position of the trailer hitch 
should be such that a slope mean 
(..E Y + N) between 14 and 15 is 
obtained. To check this, lower 
the slope wheels, set the elec-
tric eye switch to the road test 
position, and zero the electronic 
computer indicator. Pull the 
CHLOE Profilometer ahead until 
N = 100. The ~ Y value should 
be between 1400 .and 1500. If it 
is not, the trailer tongue should 
be raised or lowered by turning 
the crank at the front of the 
trailer section. Turning the 
crank counterclockwise lowers 
the :£. Y value and turning it 
clockwise raises the~ Y value. 
Repeat the procedure if nece-
ssary. 
e. The downward force of the CHLOE 
slope wheels should be between 
150 and 160 lbs. To check this 
a bathroom scale and two wooden 
blocks of the same thickness as 
the scale are needed. Pull the 
CHLOE carriage wheels onto the 
Page 2 
wooden blocks, then place the 
scale under the slope wheels 
and lower them. If the scale 
does not read between 150 and 
160 lbs., adjustment can be 
made by turning the 3/16 11 
knurled screw located at the 
bottom of the connector box 
fastened to the lift motor. 
Turning this screw clockwise 
will decrease the force and 
turning it counterclockwise 
will increase the force. 
f. For more detailed instructions 
on the operation of the CHLOE 
Profilometer see CHLOE Profil-
ometer O~erating and Servicing 
Ins true tions. 
2. Testing Procedure 
a. Set the electric eye to "road 
test" and lower the slope 
wheels. 
b. Set the electronic computer 
indicator to a zero reading. 
c. Turn the counter switch on 
when the slope wheels reach 
the beginning of a test sec-
tion and turn it off at the 
end of the section. 
d. When running a test section, 
the speed of the towing 
vehicle should be about 5 mph. 
e. Record the values of N, E Y, 
and ,E. y2. 
f. Comv,ute the LPV as described 
in 'Calculations". 
D. Calculations (See "Typical Calcula-
tion Example.) 
1. Enter the values of N,~Y, and 
~y2 on lines 6, 7 and 8 respec-
tively. 
2. 
3. 
4. 
5, 
Divide '£.Y by N to an accuracy 
of one ten-thousandth (0.0001) 
and enter on line 9. 
Square this number and record 
the result to the nearest thous-
andth (0.001) on line 11. 
Di vi de E y2 by N, round the ans -
wer to the nearest thousandth, 
and record it on line 10. 
Subtract line 11 from line 10 
and enter the result on line 12. 
Test Method No. Iowa 1003-A 
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6. Multiply line 12 by 8.46 to obtain 
the CHLOE Slope Variance (line 13). 
7, Subtract 2.00 from the CHLOE Slope 
Variance and place the result on 
line 14. 
8. Find the log of line 14, record it 
on line 15. 
9. Multiply line 15 by 1.80 if the 
surface type is PC or. 1.91 if AC, 
and record this result on line 17. 
10. On line 16 enter 5.41 if the sur-
face type is PC or 5,03 if the 
surface type is AC. 
11. Subtract line 17 from line 16 to 
obtain the Longitudinal Profile 
Value (LPV) of the test section. 
Precautions 
A. The voltage supply to the CHLOE Pro-
filometer from the batteries must 
not be less than 11.5 V. 
B. The operator must watch the electronic 
computer indicator closely to insure 
that it is working properly. 
Reporting of Results 
Enter state, county, route no., loca-
tion, project, weather, date and test 
personnel in the appropriate places 
on the work sheet. 
The LPV determined by the CHLOE Pro-
filometer may be used along with 
other factors to calculate a Present 
Serviceability Index as described in 
"Method of Determination of Present 
Serviceability Index". (Test Method 
No. Iowa 1004.) 
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Fig. 1 
Electronic Computer Indicator 
.b'ig. 2 
CHLOE Trailer Section 
Test Method No. Iowa 1003-A 
February 1971 
Page 4 
TABLE I 
Switch 
Segment y 
1 10 
2 20 
3 30 
4 40 
5 50 
6 60 
7 70 
8 80 
9 90 
10 100 
11 110 
12 120 
13 130 
14 140 
15 150 
16 160 
17 170 
18 180 
19 190 
20 200 
21 210 
22 220 
23 230 
24 240 
25 250 
26 260 
27 270 
28 280 
29 290 
N=lO 
y2 
10 
40 
90 
160 
250 
360 
490 
640 
810 
1,000 
1,210 
1,440 
1,690 
1,960 
2,250 
2,560 
2,890 
3,240 
3,610 
4,000 
4,410 
4,840 
5,290 
5,760 
6,250 
6,760 
7,290 
7,840 
8,410 
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State ;£owq_ 
County S.for'i 
Route No. L3 11 1 5 fr e e. t. 
1 Section No. 10 
2 Location 1'3L/g-/(.7 3 
3 Surface Type PC 
4 Direction £8 
5 Wheel path 0 
6 No. of readings (N) '195'( 
7 .:£ y 7/733 
8 .£ y2 IOlf'/ 721/ 
9 CL: Y/N) l'f. l/ gg~ 
10 L: y2 /N 211.0)J 
11 (~ Y/N) 2 2o1, 9.CD 
12 (line 10 - line 11) 1.093 
13 csv = (line 12) x 8.46 9.2'17 
14 (1 + SV) ::: (line 13 - 2)* ~ 2117 
15 Log (1 + SV) = Log (line 14) Q. 'i/596 
16 Enter 5.41 for PC, 5,,'I/ or 5.03 for AC 
17 If PC 1.80 x line 15 /,55 If AC 1.91 x line 15 
18 LPV = (line 16 - line 17) J, 'i (, 
* sv = csv - 3 
LPV(PC) = 5.41 - 1.80 Log (l+SV) 
LPV(AC) = 5.03 - 1.91 Log (l+SV) 
TYPICAL CALCULATION EXAMPLE 
LPV for PC or AC Pavement 
Location E. of Ame~ 
Project 
Weather 
Date 
Test 
-0 
~-/._~ - 70 OJ <.O CD 
Personnel Ul 
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IOWA DEPARTMENT OF TRANSPORTATION 
HIGHWAY DIVISION 
Office of Materials 
METHOD OF DETERMINATION OF PRESENT 
SERVICEABILITY INDEX 
General Scope 
The Present Serviceability Index (PSI) was 
developed by the AASHO Road Test as an ob-
jective means of evaluating the ability of 
a pavement to serve traffic. The Present 
Serviceability Index is primarily a func-
tion of longitudinal profile with some 
influence from cracking, patching and rut 
depth. 
The AASHO rating scale ranges from 0 to 5 
with adjective designations of: 
Very Poor 0 - 1 
Poor 1 - 2 
Fair 2 - 3 
Good 3 - 4 
Very Good 4 - 5 
The Bureau of Public Roads has a similar 
scale with the following designations which 
are more realistic in the evaluation of new 
pavements: 
PSI Rating 
Above 4.5 Outstanding 
4.5 - 4.1 Excellent 
4.1 - 3.7 Good 
3.7 - 3.3 Fair 
Below 3. 3 Poor 
The test is conducted in two parts: (1) 
Determination of the Longitudinal Profile 
Value (LPV), (2) Determination of Deduction 
for Cracking, Patching and Rut Depth. 
Part I. Determination of the Longitudinal 
Profile Value 
Scope: 
The Iowa DOT uses three methods for deter-
mination of the longitudinal profile value: 
1. CHLOE Profilometer 
2. BPR Type Road Roughometer 
3. IJK Type Road Meter 
Test Procedure: 
1. The determination of longitudinal 
profile value by the CHLOE Profil-
ometer is described in Test Method 
No. Iowa 1003-A. 
2. The determination of road roughness 
by the BPR Type Roughometer is des-
cribed in Test Method No. Iowa 1001-A. 
The inches per mile as described 
therein is then used in conjunction 
with the most current correlation 
of road roughness (inches/mile) vs. 
longitudinal profile value (LPV) 
determined by the CHLOE Prof ilometer 
to obtain a longitudinal profile 
value. 
3. The determination of the road meter 
roughness value, which is the same 
as the Longitudinal Profile Value, by 
the IJK Type Road Meter, is described 
in Test Method No. Iowa 1002-B. 
Part II. Determination of Deduction for 
Cracking, Patching and Rut Depth 
Scope: 
The purpose of this portion of the test is 
to determine the value of the Present 
Serviceability Index lost due to physical 
deterioration of the roadway. 
The evaluation is conducted according to 
general procedure established by the AASHO 
Road Test and described in detail in the 
"Highway Research Board Special Report 61E." 
Test Procedure -- Flexible Pavement: 
The equation for Present Serviceability 
Index of flexible pavement is: 
PSI= LPV - .01 '\/C+P - 1.38 RD2 
where; 
PSI 
LPV 
C+P 
RD 
Present Serviceability Index 
Longitudinal Profile Value 
Measures of cracking and patching 
of the pavement 
A measure of rutting in the 
wheel paths 
Cracking, C, is defined as the square feet 
per 1000 square feet of pavement surface 
exhibiting alligator or fatigue cracking. 
This type of cracking is defined as load 
related cracking which has progressed to 
the state where cracks have connected 
together to form a grid like pattern re-
sembling chicken wire or the skin of an 
alligator. This type of distress can 
Test Method No. Iowa 1004-C 
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advance to the point where the individual 
pieces become loosened. 
Figure 1. 
Alligator cracking 
Patching, P, is the repair of the pave-
ment surface by skin (i.e. widening 
joint strip seal) or full depth patching. 
It is measured in square feet per 1000 
square feet of pavement surface. 
Rut depth, RD, is defined as the mean 
depth of rutting, in inches, in the 
wheel paths under a 4-ft straightedge. 
Cracking, L, is defined as the number 
of longitudinal (parallel to traffic 
flow) cracks which excede 100 feet in 
length and 1) are open to a width of 
1/4" over half their length or 2) have 
been sealed. If these cracks are 
observed to occur less than 3 feet 
from one another, the condition des-
cribed under C should be looked for 
and if present reported instead of 
reporting the distress as longitu-
dinal cracking. 
Cracking, T, is defined as the number 
of transverse (right angles to traf-
fic direction) cracks that are open 
to a width of 1/4" over half their 
length or have been sealed. Random 
or diagonal cracks are ignored. 
Faulting, F, is defined as the mean 
vertical displacement, in inches, 
measured with a 4-ft. straightedge. 
Page 2 of 6 
Figure 2. 
Longitudinal Cracks 
Figure 3. 
Transverse Cracks and Faulting 
Test Procedure -- Rigid Pavement: 
The equation for Present Serviceability 
Index of rigid pavement is: 
PSI = LPV - .09 '\IC+P 
where; 
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PSI Present Serviceability Index 
LPV 
C+P 
Longitudinal Profile Value 
Measures of cracking and 
patching of the pavement 
Cracking, C, is defined as the lineal 
feet of cracking per 1000 square feet 
of pavement surface. Only those 
cracks which are open to a width of 
1/4" or more over half their length 
or which have been sealed are to be 
included. 
Patching, P, is the repair of the 
pavement surface by skin or full 
depth patching. It is measured in 
square feet per 1000 square feet of 
pavement surface. 
Rut depth, RD, is defined as the 
mean depth of rutting, in inches, 
in the wheel paths under a 4-ft. 
straightedge. 
Faulting, F, is defined as the 
mean vertical displacement, in 
inches, measured with a 4-ft. 
straightedge. 
D-cracking, D, refers to a char-
acteristic pattern than can 
develop in portland cement con-
crete. Initially, the occurrence 
of D-cracking ~ be preceded and 
accompanied by staining of the 
pavement surface near joints and 
cracks. However, not all stained 
joints and cracks CieveIOP D-cracking. 
D-cracked concrete will first exhibit 
fine parallel cracks adjacent to the 
transverse and longitudinal joints 
at the interior corners. The D-cracks 
will bend around the corner in a con-
cave or hourglass pattern. As the 
D-cracking progresses, the entire 
length of the transverse, longitudinal 
and random cracks will be affected. 
The cracked pieces may become loose 
and dislodged under the action of 
traffic. The occurrence of D-
cracking in the check sections will 
be rated on a point scale as des-
cribed in the Test Procedure section. 
Procedure 
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Figure 4. 
D-cracking - Initial stages 
Figure 5. 
D-cracking - All joints affected 
A. Apparatus 
1. A passenger vehicle with an accu-
rate odometer. 
2. A four foot long rut/fault gauge. 
3. Mechanical counters. 
4. A 50-foot tape. 
5. Safety equipment -- hard hats, 
safety vests, survey signs. 
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B. Test Record Forms 
1. Crack and Patch Survey worksheet 
(A.C. or P.C.C.). 
2. Crack and Patch Calculation and 
Summary Sheet. 
3. Present Serviceability Index 
Summary (Form 915). 
C. Test Procedure 
The control sections are as described 
in the "Control Sections by Mileposts" 
booklet. For control sections of 
0-5.00 miles in length, one representa-
tive 1/2 mile test section will be 
evaluated. For 5.01-10.00 miles, two 
1/2 mile test sections are used. 
Three 1/2 mile sections are used for 
any control section greater than 
10.0 miles. 
After determining a location for the 
representative 1/2 mile test section 
or sections, the county, highway num-
ber, beginning and ending control 
section milepost, pavement width, 
beginning and ending milepost of the 
1/2 mile test section being surveyed, 
date of survey and names of those 
doing the survey shall be recorded 
on the worksheet. 
Flexible 
The procedure for evaluation of flexible 
pavement is to drive on the shoulder, if 
possible, and estimate the area of each 
instance of alligator cracking and patching 
recording them individually on the work-
sheet. 
The rut depth is measured in the outside 
and inside wheeltrack in both lanes at 
0.05 mile intervals and recorded (10 sets 
of readings per test section) . 
While driving the first and last 0.05 mile 
portion of the test section the number of 
longitudinal and transverse cracks meeting 
the previously described criteria will be 
counted and recorded. Transverse cracks 
extending across only one lane will be 
counted as "half cracks" and recorded as 
such. 
While driving the first and last 0.05 mile 
portions, the occurrence of faulted cracks 
will be looked for and the worst instance 
in each portion will be measured. These 
measurements will be taken one foot in 
from the pavement edges at the two cracks 
selected and the data recorded. 
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The procedure for rigid pavement is to drive 
on the shoulder, if possible, and count all 
cracks meeting the previously described cri-
teria. Cracks extending across only one 
lane are recorded as "half cracks" and sum-
med to full cracks during the data summary 
phase. Longitudinal, diagonal and random 
cracks are accounted for by estimating how 
many times they would extend across the road-
way and recording that number. 
The area of each patch is estimated and 
recorded individually on the worksheet. 
The rut depth is measured in the outside and 
inside wheeltracks of both lanes. One set 
of measurements will be taken at the beginning 
of the 1/2 mile test section and one set at 
the end. 
Faulting is measured one foot in from each 
pavement edge at 0.05 mile intervals and 
recorded (10 sets of readings per check 
section) . 
The D-crack Occurrence Factor (DOF) in the 
test-section-will be evaluated and assigned 
a numerical rating based on the following 
description. 
0 
1 
2 
3 
4 
5 
DOF Value 
No D-cracking noticeable 
D-cracking is evident at some joints 
especially the interior corners. 
Pavement is sound condition and no 
maintenance is required due to D-cracks. 
D-cracking is evident at most joints 
and has progressed across width of 
slab. Pavement is in sound condition 
and no maintenance is required due to 
D-cracking. 
D-cracking is evident at virtually all 
joints and random cracks. Minor 
raveling and spalling are occurring 
and traffic is causing some loosening 
of cracked pavement. Some minor main-
tenance of spalled areas is required. 
D-cracking very evident as in 3 above. 
Spalling and removal by traffic has 
progressed to point that regular main-
tenance patching is required. Effect 
on riding quality of pavement is now 
noticeable. 
D-cracking has continued to progress at 
sites identified in 3 above and requires 
regular maintenance patching. Full 
depth patches may be necessary. Ride 
quality has deteriorated to point where 
reduced driving speed is necessary for 
comfort and safety. 
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Figure 6. Examples of D-crack Occurrence Factors 
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D. Calculations 
1. Flexible Pavement 
2. 
a. The area of cracking is totaled 
and divided by the area of the 
test section in thousands of 
square feet to obtain C. 
b. The area of patching is totaled 
and divided by the area of the 
test section in thousands of 
square feet to obtain P. 
c. The rut depth measurements 
are totaled and averaged to 
obtain RD. 
D. The number of longitudinal 
cracks in the two areas sur-
veyed are totaled, averaged, 
and reported as L. 
e. The number of transverse cracks 
and 1/2 cracks (divided by 2) 
in the two areas surveyed are 
totaled, averaged, and reported 
as T. 
f. The faulting measurements are 
totaled and averaged to obtain 
F. 
g. Cracking (C), patching (P), and 
rut depth (RD) as calculated 
above and LPV, as determined 
in Part I, are used in the fol-
lowing formula to determine 
the Present Serviceability 
Index (PSI): 
PSI= LPV - O.OlVC+P - 1.38 RD2 
Rigid Pavement 
a. The number of cracks and 1/2 
cracks (divided by 2) are 
totaled and multiplied by the 
width of the roadway and 
divided by the area of the 
test section in thousands of 
square feet to obtain C. 
b. The area of patching is totaled 
and divided by the area of the 
test section in thousands of 
square feet to obtain P. 
c. The rut depth measurements 
are totaled and averaged to 
obtain RD. 
d. The faulting measurements are 
totaled and averaged to obtain 
F. 
Page 6 of 6 
e. Cracking (C) and patching (P) 
as calculated above and LPV 
as determined in Part I are 
used in the following formula 
to determine the Present 
Serviceability Index (PSI): 
PSI = LPV - .09 \/C+P 
E. Reporting Results 
1. Lab. Number. 
2. Beginning Milepost. 
3. Ending Milepost. 
4. Road Number. 
5. Length. 
6. Surface Type. 
7. Direction and Lane. 
8. RMRV or LPV. 
9. Deduction for cracking and patching. 
10. Present Serviceability Index. 
Rut Depth Gauge Calibration 
A. Procedure 
Place the rut depth gauge on a section of channel 
iron or any perfectly flat surface over 4 feet 
long. Make sure that the gauge is p 1 aced vert i ca 11 y 
perpendicular to the surface to insure accurate 
readings. Press the measuring scale down until 
it makes contact with the flat surface, while still 
keeping the ends of the gauge on the surface. Check 
to see that the scribed line on the plastic marker 
lines up with the 'O' mark on the measuring scale. 
If the marker does not line up with the 'O' mark, 
remove the plastic marker and file the holding 
screw holes to allow the marker to slide up and 
down. This is accomplished by either filing the 
bottom of the screw holes to allow the marker to 
slide up or by filing the top of the screw holes 
to allow the marker to slide down. 
Mount the plastic marker template but do not tighten 
the holding screws. Place the gauge on the flat 
surface making sure the gauge is perpendicular and 
the measuring scale is in contact with the surface. 
Line up the scribed line with the 'O' mark and then 
tighten the holding screws. 
The rut depth gauge should be calibrated at least 
once per year and before any rutting survey such 
as the statewide Crack and Patch Survey. 
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